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The reflex connections of six primary respiratory muscles in the carp (Cyprinus carpio
L.) were studied by the aid of anterograde degeneration and intracellular transport of
horseradish peroxidase (HRP). For successful application of the HRP method in the carp,
certain modifications of the standard procedure are required; moreover, post-injection
survival times of up to three weeks are found to be necessary.
The HRP technique was chosen to identify both the motor and sensory cells inner-
vating the respiratory muscles. Following intramuscular HRP injections labeled cells
appeared in the rostral and caudal subdivisions of the ipsilateral trigiminal and facial
motor nuclei. The distribution ofthe various cell populations over the different subnuclei
indicates that muscles active in the contraction phase of respiration are represented in the
rostral subnuclei, the expansion muscles in the caudal subnuclei. This arrangement
appears to be compromise between a somatotopic and a functional organization.
Apart from the labeling of motor cells in the brainstem, it was found that intra-
muscular HRP injections also resulted in sensory-cell labeling in the complex formed by
the trigeminal, facial, and lateral-line ganglia (Luiten, in preparation). No HRp-positive
cells appeared in the mesencephalic trigeminal nucleus.
The central projections of the ganglion complex were studied by the Nauta and Fink-
Heimer reduced silver techniques following rhizotomy. The somatosensory trigeminal
fibers were found to project to the ipsilateral nucleus of the descending trigeminal root
and to the medial funicular nucleus. The former nucleus can be subdivided into several
portions situated dorsal or lateral to the motor nuclei of the fifth, seventh, nineth and
tenth cranial nerves. The visceral facial-nerve fibers could be traced into the facial, glos-
sopharyngeal and vagal lobes, whereas the anterior lateral-line nerve projects to the medial
nucleus and to the eminentia granularis.
To study the relationship between the descending trigeminal nucleus and the
trigeminal and facial motor nuclei, the connections of the rostral and caudal parts of the
latter nuclei were determined with the HRP technique. Following iontophoretic
peroxidase injections in these motor nuclei, retrogradely labeled cells were observed as
well as anterogradely labeled motor neuron processes, apparently of dendritic nature.
Several cell groups in thalamus, cerebellum and medulla oblongata were shown to project
to the motor nuclei of the trigeminal and facial nerves. In the thalamus labeled somata
were found in the inferior lobe and in the glomerular complex. In the medulla oblongata
labeled nerve cells appeared in the ipsi and contralateral descending trigeminal nucleus, in
the reticular nuclei, and in motor nuclei other than those injected. The anterogradely
labeled cellular processes were found to constitute a relatively simply network in the
brainstem, connecting the motor nuclei of the fifth and seventh cranial nerves with the
oculomotor nucleus, the glossopharyngeallvagal area and the reticular nuclei.
From the present experiments it can be inferred that the direct connections of the
descending trigeminal nucleus with the trigeminal and facial notor nuclei form part of a
bisynaptic proprioceptive reflex loop of the respiratory muscles, a loop in which sensory
cells in the V/VII ganglion complex synapse with interneurons in the descending
trigeminal nucleus which in turn project to the cells of the trigeminal and facial motor
nuclei. In addition, crossing interneuron connections provide the possibility of bilateral
responses to unilateral sensory stimuli.
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